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[57] ABSTRACT 

To reduce the complexity, size and power dissipation asso- 
ciated with the deployment of xDSL-type modems in dis- 
tribution points (140-142) of a telecommunications 
network, a transparent concentrating optical transmission 
scheme is interposed between an exchange (100) and a 
subscriber terminal (210). Specifically, xDSL-type modems 
(102-104 and 220-224) are employed both within the 
exchange (100) and, nominally each subscriber terminal 
(210) of the telecommunication system, while an optical 
fiber supports the transmission of frequency division mul- 
tiplexed broadband signals sent between the exchange (100) 
and the distribution points (140-142). Twisted-pairs then 
couple respective broadband signals received and demulti- 
plexed at the distribution points (140-142) to appropriately 
addressed subscriber terminals (210), while upstream trans- 
missions are subjected to a complementary process from the 
xDSL modems (220-224) in the subscriber terminals (210) 
to the xDSL modems (220-224) in the exchange (100). 

19 Claims, 2 Drawing Sheets 
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COMMUNICATION SYSTEM exchanges, a saving in each cost-per-customer connection is 

ARCHITECTURE, EXCHANGE HAVING A accomplished by reducing the number of switch-ports 

PLURALITY OF BROADBAND MODEMS needed to service a given number of subscriber terminals. 

AND METHOD OF SUPPORTING This concentration function is achieved by recognising that, 

BROADBAND OPERATION ON A ONE TO 5 although each subscriber terminal requires a connection to a 

ONE BASIS central switch, the actual connection is discontinuous and 

bursty and therefore only carries traffic, i.e. information, for 

BACKGROUND OF THE INVENTION relatively short periods of time. As such, for a sufficiently 

This invention relates, in general, to the architecture of a lar S e number of ^ numbcr of switch-ports needed in 

communication system, and is particularly, but not 10 ^ exchange is small in proportion to the number of 

exclusively, applicable to an arrangement of modems in a subscriber terminals connected thereto, 

broadband access exchange of a telephone network, such as For example, if a subscriber terminal, such as a telephone 

a public switched telephone network (PSTN). or a computer, utilises a communication resource (i.e. a 

connection) for only 10% of a peak operating period for the 
SUMMARY OF THE PRIOR ART 15 network, a group of subscriber terminals require, on average, 
Telecommunication systems that interconnect subscriber om y one-tenth of the number of switch connections to 
terminals are now capable of supporting broadband data su PP ort ^ the calls - In ^ ^ of s V stein > network opera- 
communication on both an inter-subscriber terminal basis tors acoe P l ^ occasionally, a subscriber terminal wishing 
(through an exchange) or on a client-server to subscriber to make a cal1 ma y not be able lo access ^ switch because 
terminal basis. In either case, both the subscriber terminal 20 ^ other switch-ports are contemporaneously occupied by 
and the infrastructure equipment contain a dedicated other subscnl >er terminals. However, appropriate dimen- 
modem, which modems are coupled together to support sioain S of ^ communication system will ensure that a 
two-way communication between the subscriber terminal redundancy is built into the communication system, and that 
and the exchange. In this respect, there is a one-to-one switch-port contention (unavailability) only therefore hap- 
mapping between modems associated with each subscriber 25 P ens verv infrequently. 

terminal and the infrastructure. For example, current broad- As will be appreciated, the principle of determining an 
band access systems that interconnect subscriber terminals appropriate number of communication resources for the 
and an exchange use copper cabling (usually termed network is based on classic communication theory and is 
"twisted pair" technology), and conventionally employ two expressed statistically in Erlangs, and it will further be 
broadband modems, one at each end of the twisted pair. appreciated that optimisation of the system will depend upon 
More particularly, spare spectrum (i.e. a spare frequency the type of traffic supported during each call, i.e. the 
channel) on, for example, a twisted-pair communication requirements for video communication systems will differ 
resource is isolated from conventional audio or basic rate from those for speech communication, 
integrated service digital network (ISDN) signals using a 35 Like conventional telephony systems, broadband net- 
suitable filter. Broadband transmissions are then typically works achieve a concentration function using an analogous 
supported over the communication resource by xDSL-based principle. Specifically, while each broadband subscriber is 
signalling protocols, such as Asynchronous Digital Sub- allocated a dedicated modem at both the exchange and at its 
scriber Line (ADSL) and Very high-speed Digital Subscriber premises, infrastructure equipment located deeper within the 
Line (VDSL) Such broadband schemes can support data broadband network is shared and therefore dimensioned to 
rates in excess of 2 Megabits per second (Mbps), although provide sufficient capacity to service an expected number of 
this rate can be significantly increased by using more simultaneously active broadband calls. The broadband net- 
complex and elaborate transmission protocols and by reduc- work cannot therefore provide simultaneous service to all 
ing transmission distances. Moreover, xDSL protocols are broadband subscriber terminals, and yet broadband modems 
sufficiently robust to support symmetrical data rate trans- 45 remain dedicated to a particular subscriber terminal regard- 
missions while providing immunity to cross-talk, noise and less of its usage of the broadband service(s). 
general radio frequency interference (RFI), with xDSL pro- M previously stated, the provision of such dedicated 
tocols using modulation schemes such as Quadrature Phase mo dems on a per-line basis is expensive, and is further 
Shift Keying (QPSK), Carnerless Amplitude-Phase (CAP) exaggerated by the increased complexity required in broad- 
modulation, Quadrature Amplitude (QAM) modulation and 5Q band net works. Consequently, there is a significant increase 
Discrete Multi-Tone (DMT modulation). m ^ associated with providing a broadband network, 

As will be appreciated, the subscriber terminals may be which cost is over and above that for a corresponding 
wire-line telephones that have semi-permanent communica- narrowband telephony system and which therefore discour- 
tion resources assigned between each subscriber terminal ages wider deployment of broadband systems, 
and the infrastmcture, Lc. the exchange, or may have a 55 More particulariy> a modem fc comprised from three 
dynamically assignable communication resource supported, blocks, with its cost of manufacture heavily 
for example, on a radio frequency (RF) link established dependent upon the processing requirements of the modem, 
between a base station sub-system (BSS) of a cellular More explicitly, a modem includes line interfaces, digital- 
communication system and the subscriber terminal. to-analog (D/A) and analog-to-digital (A/D) converters and 

Unfortunately, a significant infrastructure cost relates to 60 a signal processor. The line interfaces provide signals of a 

the requirement to provide a plethora of modems (provided suitable amplitude to drive communication signals along the 

within line cards) to support the many subscriber terminals twisted pairs (or the equivalent transmission medium), and 

that operate within a broadband communication system. As also to accept incoming signals. The D/A converter acts to 

such, it is desirable that the number of modems implemented provide an interface between the digital processing functions 

within a system is minimised. 65 m d me ana log signals used on the twisted pairs, and the 

With respect to the structure of conventional telephony signal processor provides and implements complex process- 
networks and particularly in relation to local telephone ing logic required to characterise the line and optimise the 
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capacity. It is the complexity of the processor that contrib- ports broadband -type communications but which utilises a 

utes significantly to the cost of each modern, with this reduced number of broadband modems in a more efficient 

complexity increasing as a function of the number of ser- and cost-effective manner, and which ideally does not need 

vices (and the information bearing capabilities of each to change or modify existing fixed (i.e. the twisted-pair) 

service) supported in the broadband network. Indeed, in 5 connections, 
relation to broadband communication, generally, types of 

transmission technology range from simple coding schemes SUMMARY OF THE INVENTION 
(that are suitable for short distances) to elaborate and 

complex signalling schemes that achieve greater distance According to a first aspect of the present invention there 

penetration over a communication resource, such as a is provided a communication system comprising an 

twisted pair. These more elaborate and complex signalling exchange having a plurality of broadband modems; a dis- 

schemes therefore necessarily require greater processing tribution point coupled to the exchange over a communica- 

capabilities and consequently impose additional costs, tion resource that carries encoded broadband data; and a 

although very large scale integration can be employed to plurality of subscriber terminals coupled to the distribution 

mitigate against these effects and allow some sharing of poj^ a t least some of the plurality of subscriber terminals 

common functionality, e.g. xDSL functions can be shared at 15 containing a broadband modem arranged, on an individual 

the distribution point. Additionally, as processing power basis? t0 co mmun i C ate encoded broadband data with a 

increases, power consumption by the DSP also rises to a selected 5roadband modem in ^ exchange ^ the ^ stri . 

evel of, typicaUy, 2-3 watts per line card device and hence bution iQt and Qver ^ communicatioQ ^ ourcei 

to an appreciable extent whereby thermal problems become r . 

a significant issue. 20 * n mo tner ^pcd °f me present invention there is pro- 

Another technical hurdle that needs to be overcome to vided a method of transferring encoded broadband data 

allow deployment of a successful broadband network is between an exchange having a plurality of broadband 

associated with the location of broadband modems in street modems and a subscriber terminal containing a broadband 

cabinets or curb-side units, generically referred to as "dis- modem arranged to communicate encoded broadband data 

tribution points" because these points can be tapped to 25 with a selected one of the plurality of broadband modems in 

provide point-to-multipoint connectivity. Specifically, in the exchange, the encoded broadband data communicated 

order to utilise existing twisted pairs for xDSI^based sig- between the exchange and the subscriber terminal via a 

nailing protocols, existing wire -line communication cir- distribution point that is coupled to the exchange via an 

cuitry is modified by co -locating broadband circuitry with optical fibre and which is coupled to the subscriber terminal 

the distribution points and a broadband server with the 30 via a copper-drop, the method comprising the steps of: 

exchange. The broadband server is typically coupled to the modulating onto the optical fibre encoded broadband data 

broadband circuitry by an optical fibre, and the broadband addressed to the subscriber terminal at the exchange; decod- 

circuitry then converts broadband optical communication ing the encoded broadband data addressed to the subscriber 

into xDSL for application to the twisted-pairs. Again, a terminal at the subscriber terminal; modulating onto the 

one-to-one relationship presently exists between broadband 35 optical fibre encoded broadband data addressed to the 

modems located in the broadband circuitry and correspond- exchange at the subscriber terminal; and decoding the 

ing broadband modems associated with the subscriber ter- encoded broadband data addressed to the exchange at the 

minals. exchange. 

Unfortunately, the successful use of xDSL is distance In a preferred embodiment, the method further comprises 

limited by cross-talk (i.e. interference) and attenuation by 40 the step of selectively routing the broadband data calls to a 

the twisted-pairs, while the cost effectiveness of providing plurality of intermediate distribution points each coupled to 

broadband services to subscribers is also exacerbated by the the exchange through an optical fibre and each coupled to a 

fact that subscribers are geographically distributed. plurality of subscriber terminals via individual copper drops. 

Therefore, if broadband services are to be provided to The present invention therefore advantageously provides 

isolated subscribers, the cost of the broadband infrastructure 45 a communication system in which a transparent broadband 

could require an unacceptably high tariff charge to be levied connection exists between an exchange and at least one 

against a subscriber to the service. A conflict therefore exists distribution point. The present invention also provides a 

inasmuch as the broadband circuitry must be located suffi- significant increase in system flexibility (when it comes to 

ciently close to the subscriber (typically within about 1 broadband deployment), while also reducing costs associ- 

kilometer) for robust communication, while the broadband 50 ated with providing intermediate broadband modems at 

circuitry must also be distantly located from the subscribers infrastructure distribution points. More especially, the 

(and hence nearer to the exchange) to reduce the significant present invention advantageously provides a communication 

costs associated with deploying broadband modems system in which there is an improved ratio (achieved 

(notwithstanding that component costs otherwise increase as through a concentration function) between dedicated 

a result of having to satisfy higher technical specifications 55 subscriber-orientated modems and assignable broadband 

that support longer distance xDSL transmissions). In fact, modems located in an exchange, 
the deployment of such broadband circuitry is expensive not 

only in terms of fiscal consideration but also in relation to BRIEF DESCRIPTION OF THE DRAWINGS 
the relatively large size, power consumption and heat dis- 
sipation of the associated broadband circuitry. Indeed, in the eo M cxem P lar y embodiment of the present invention will 
latter respect, the location in an outside environment of now bc described with reference to the accompanying 
broadband circuitry is far from ideal because of the require- drawings, in which: 

men t to pro vide a constant and non-fluctuating power supply FIG. 1 is a block diagram of a prior art, wire-fine 

and service for such fibre-to-the cabinet or curb-side solu- communication network having broadband capabilities, and; 

lions. 65 FIG. 2 shows a block diagram of a communication system 

As such, requirement exists to provide an improved according to a preferred embodiment of the present inven- 

communication infrastructure and access network that sup- don. 



06/24/2002, EAST Version: 1.03.0002 



6,148,006 

5 6 

DETAILED DESCRIPTION OF A PREFERRED capacity through the PON 54. However, this concentration 

EMBODIMENT function nonetheless still requires a dedicated xDSL modem 

Before discussing a preferred embodiment of the present to h * a8 ?« ned at * e ibu,i °" P° int ( e S- ^ cabinet ) to 

■ j » >i u • j- • c ' each and every subscriber terminal, 

invention in detail, a comprehensive discussion of a prior J 

art, wire-line communication network 10 (of FIG. 1) will be 5 As will be understood, the broadband circuitry also 

presented. The wire-line communication network 10 com- includes an optical network adapter unit (ONU) 55 that 

prises an exchange (or telephony switch) 12 thatis-coupleoY essentially provides the fibre-copper interfacing through the 

via twisted pairs 13-21, to a plurality of subscriber terminals Provision of an optical transceiver and line driver configu- 

22-24, such as telephones and computers (generically ration * ^ 0NU 55 is located intermediate between the 

termed "customer premises equipment", CPE). More 10 xDSL modem 46 ^ me roN 54 - 

particularly, the customer premises equipment will be Usually, the distribution point 40 and the broadband 
coupled to the twisted pairs through a filter 26 that provides circuitry 42 will be co-located in the same street cabinet or 
frequency separation and isolation of, for example, voice curb-side unit, as indicated by the dotted box 56. 
and data communications. The structure of FIG. 1 therefore provides a fibre-to-the 
In relation to a telephoned, a twisted pair 18-directly 15 cabinet approach where broadband signals are first relayed 
couples-the telephone {l^ioYn adjacently positioned filter t0 the distribution point 40 over an optical fibre and then 
26, whereas a computer 24 (television, internet terminal or overlaid onto twisted-pairs (occasionally referred to as cop- 
the like) is coupled to the adjacently positioned filter 26 via P er "drops") using xDSL techniques. The structure provides 
appropriate network terminating equipment (NTE) 28. 20 a connection from an exchange to a subscriber on a point- 
Typically, each ^TTE i$ comprises a modem 30, and.a mains to-multipoint basis in which signals are distributed in an 
powePsupply ^or^^anjnternal battery (not-shown). The 'active star' form, where individual star drops connect 
modem is comprised oLthree^main functions, namely a line transmission to individual subscribers. Nevertheless, each 
driver circuit 31, A/D and D/A converters 32 and a processor digital subscriber terminal of FIG. 1 is allocated an indi- 
34 that controls coding and decoding functions and pro- ^ vidual modem within the broadband circuitry 42 on a 
cesses information flow between the exchange 12 and the permanent basis. 

computer 24, or the like. The computer 24 -may be coupled Referring now to FIG. 2, there is shown a block diagram 

to the NTE28„via,a multi-hne^bus36 such as "an Ethernet of a communication system in accordance with a preferred 

card^oTRS-232 connection, or through a single serial data embodiment of the present invention. In FIG. 2, equipment 

line or coax. The NTE receives power from a mains supply 30 common with the prior art shares a common numbering 

37 or an internal battery (not shown). scheme. 

In relation to the exchange 12, a main distribution frame Considering first the structure of the exchange 100 of the 

(MDF) 38 provides a connection-inferfacefor.a-pluraUty of preferred embodiment of the present invention, the 

twisted paif^connections 19^21 to the exchange-12- (only ^exchange^lOO^on^ns-a-pto^ 

three- of _ which connections are shown for the sake of 35 ^02-104io^pporrVTDS^p^tocols, for example. For the 

clarity). More-par^icularly, as^will be.appredated^the pur- sake of clarity,"only two of sucrTxDSL modems are shown, 

posejof the^MDF 'topidvide an array of connections at Looking specifically at the interconnection of xDSL modem 

a convenien^pcjnkvvithin the infrastructure and thus to allow 102 (which is identical to that of xDSL modem 104), a 

cross-patching of one input to any output and vice versa. downstream path from xDSL modem 102 begins with broad- 

Moreover, as will be understood, the cross-patching is 40 band signals on interface 106 being applied to an input of 

achieved using a hard interconnect (at a cabling level) and xDSL modem 102. Following signal protocol modulation in 

is therefore not subject to any form of dynamic routing. xDSL modem 102, a coded broadband signal 108 is modu- 

To facilitate efficient communication routing, a distribu- lated onto a carrier frequency by carrier frequency modu- 

tion point 40 is positioned between the exchange 12 and the lator Similarly, coded broadband signals 112^-114 from 

filter 26. Additionally, the distribution point 40 serves as a 45 oth er xDSL modems (e.g. xDSL modem 104) are also 

cross-connection point for c^upling broTdband-circuitry 42. modulated onto appropriate carrier frequencies by corre- 

The conventional wire-line system is thereby extended to sponding carrier frequency modulators 116-118 After 

support overlaid broadband communication through xDSL modulation onto a carrier, the coded broadband signals from 

signalling protocols. The broadband circuitry contains a me respective carrier frequency modulators are multiplexed 

patch unit and filter 44^ that is arranged to intercept a 50 onto 10 optical fibre 122 by multiplexer 124 to produce a 

transmission p'atfiin the twisted-pairs, and which thus allows multiplexed broadband signal 125 before being amplified in 

broadband signals to be multiplexed over the original nar- amplifier array 120. 

rowband voice signals (on isolated, high frequency The line code used for the VDSL modem of the preferred 

channels). The patch unit and filter 44 is coupled to an xDSL embodiment of the present invention is DMT, although this 

modem 46, as will be understood. Power may be provided 55 could be substituted by QPSK, CAP, QAM, or a digital 

to the broadband circuitry by either internal batteries 48 or baseband line code, such as HDB3. 

a mains (power) supply 37. The xDSL modem 46 is coupled The exchange 100 further includes a signalling controller 

to a broadband server 50 via an optical fibre 52 which may 126 that administers the control of suitably processed sig- 

include a passive optical network (PON) 54 that acts to split nailing information 128-130 across the communication net- 

or combine optical paths. In this way, the PON 54 can 60 work. As will be understood, the signalling information 

provide a concentration function in the optical channel by 128-130 (amongst other things) synchronises and frames 

providing a one-to-many distribution (or vice versa). In broadband communication, and administers the set-up and 

other words, use of the PON 54 allows exchange equipment tear-down of calls. Indeed, the signalling controller may be 

to be shared across and serve more than one distribution arranged to generate, administer and detect the presence of 

point (e.g. a cabinet) by using a common optical fibre to a 65 a pilot tone. Clearly, as again will readily be appreciated, 

splitter. Additionally, use of the PON 54 minimises band- signalling information will be modulated onto a dedicated 

width requirements of the system by restricting bandwidth carrier frequency in modulator 132 before being subjected to 
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an amplification processes in amplifier array 120. The sig- For the sake of brevity, the structure of the first distribu- 

aalling controller is responsive to an exchange processor and tion point 140 only will now be described in detail, although 

system controller (not shown). Finally, carrier-modulated it will be obvious that connections to the PON 156 and the 

signalling information 134 is also multiplexed onto the second PON 158 follow the same structural arrangements, 

optical fibre 122 by multiplexer 124. 5 The multiplexed broadband signal 125 is coupled to a 

As will be appreciated, modulation of the broadband demultiplexer 162-163 in the distribution point (e.g. the first 

signals onto carrier frequencies may use any one of a distribution point 140) to separate out individual broadband 

number of conventional techniques, such as amplitude channel components 164-165. It is acknowledged that the 

modulation. Each separate carrier is then multiplexed onto a individual broadband channel components should, in this 

frequency division multiplexed (FDM) spectrum before 10 context, be considered to include standard encoded voice 

being applied to a laser (of an ONU or the like) for data at relatively low frequency and bandwidth, since the 

transmission over the optical fibre 122. broadband signals are overlaid above the standard encoded 

In an upstream portion of the exchange 100, a demulti- voice data * Amplification of the individual broadband chan- 
plexer 136 receives multiplexed broadband signal 138 trans- nel components 164-165 then takes place in an amplifier 
mitted from at least one distribution point. In FIG. 2, a first 15 array 166-167. Following amplification, individual broad- 
distribution point 140 and a second distribution point 142 band channel components 164-165 are applied on a unique 
are illustrated, although it will be understood that the basis to respectively assigned frequency shifters 168-171 
exchange could be responsive to many distribution points. A that generate intermediate frequencies suitable for demodu- 
more detailed description of the interconnection, function lation in associated demodulators 172-175. Signalling infor- 
and structure of distribution points will follow later. 20 mation that is contained in the multiplexed broadband signal 

Typically, the broadband signals 138 will have been 1^5 is extracted via a demodulator 176, and then applied to 
amplified in amplifier array 146 before separation of indi- a sec ° nd agPfUmg controller 178. The function of the 
vidual broadband channel components 144 occurs in the second signalling controller mirrors the operation of the 
demultiplexer 136. The individual broadband channel com- „ signaUmg controUer 126 in the exchange 100, except that: i) 
ponents are then individually coupled to carrier demodulator 25 me ^ nd signalling controller is both coupled and opera- 
circuits 148-152. Following carrier demodulation, indi- UonalI y f sponsive to (in an up-link scenario) a signal 
vidual broadband channel components are coupled to activit y detector "° arran S ed 10 detect ^ Presence of a 
respective inputs of associated xDSL modems, e.g. xDSL transmission signal or request therefor; and ii) the signalling 
modem 102. Similarly, signalling information 130 is „ co^oUer is also coupled to control the operation of the 
demodulated from a dedicated carrier frequency in demodu- 30 ^19^ ° irCmtS 
lator 154 before being applied to signalling controller 126 lJW-lSW- 

and eventually to the exchange processor and system con- Th e carrier modulator circuits 190-194 may be located in 
troller (not shown). a solitary distribution point to support the transmission of 
Each xDSL modem in the exchange is therefore allotted 35 ^ multicarrier signals (such as DMT) or to provide 
a dedicated carrier for both the upstream and downstream dlstmct carrier frequencies for separate and distinct sub- 
connections. Furthermore, since the optical fibre intercon- ^ lber L terminal Again, signalling information provided 
nect provides a communication resource between the fomthe agDa^ 

exchange and the distribution point, the arrangement of the dedicated carrier frequency by modulator 196. 
present invention provides a transparent transport mecha- 40 Returning to the downstream, following carrier 
nism that is supported by the preferred embodiment of the demodulation, individual broadband channel components 
present invention in an analog scheme. are again amplified (in amplifier arrays 182-184) before 
Returning to the downstream path (or chain), following ^ting applied to ^olation fitters 186-188 typically a pass- 
multiplexing, the multiplexed broadband signal 125 (having band filter for lso f latlon u of each ^dividual broadband chan- 
a bandwidth of, perhaps, five hundred MegaHertz (MHz) or 45 Del components from the narrowband voice signals, RF1, 
greater) is transmitted over the optical fibre 122. Clearly, cross-talk and the like. 

electrical signals have necessarily been converted into opti- In an upstream path of the distribution point 140, xDSL 

cal signals by a suitably located ONU. An optional passive signals emanating from subscriber terminals and output 

optical network (PON) 156 may be interspersed within the fr°m filters 186-188, for example, are amplified in an 

optical fibre 122 used in the downstream. The PON 156 acts 50 amplifier 200 before being applied to an appropriately 

to apportion certain transmission bands of the multiplexed assigned modulator, e.g. modulator 190. An output from the 

broadband signal 125 to different distribution points, e.g. amplifier is also tapped and applied to the activity detector 

first distribution point 140 and second distribution point 142. I 80 for use m determining the presence of a signal for 

The PON 156 therefore increases a ratio between subscriber transmission. Following modulation of the broadband signal 

xDSL modems and exchange-based xDSL modems, and 55 °nto a carrier, amplification of the individual broadband 

therefore improves the cost-effectiveness of broadband signals occurs in amplifier array 204-206, and then fre- 

deployment. As will be understood, the distribution points quency division multiplexing of the individual broadband 

represent fib re -to-the -cabinet (FTT-cabinet) or fibre-to-the- signals occurs in a second multiplexer 208-209. Subsequent 

curb infrastructure solutions, with the difference between the to the multiplexing operation, transmission of the FDM 

FTT-cabinet and the FTT-curb unit being merely in the eo si g na l over 10 optical fibre is achieved through the use of a 

numbers of subscribers served by the respective units. laser and suitable optical network unit, as will be under- 

However, the general structure of the FTT-cabinet and stood. 

FTT-curb unit is substantially identical. In a similar but The distribution points 140-142, as will be understood, 

complementary manner, a second PON 158 may be inter- are coupled in a conventional fashion to subscriber terminals 

spersed within an optical fibre 160 used in the upstream, 65 210 (such as CPEs or NTEs) via twisted-pairs 212-214 

with connections made to the second PON 158 by a plurality More particularly, the subscriber terminals 210 also contain 

of (but at least one) distribution point(s) 140-142. filters 216-218 that are principally arranged to separate 
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broadband and narrowband channels that are received by or two-way transmission set-up and controlled through a dis- 

are transmitted from the subscriber terminal 210. Then, for tinct signalling channel and signalling control sub-system 

receipt and transmission of broadband signals, the sub- (albeit that the signalling channel is supported on the com- 

scriber terminal 210 also includes a suitable xDSL modem mon optical fibre). Clearly, the signalling control sub-system 

220-224, which xDSL modem is coupled to the subscriber 5 ensures that carriers are correctly assigned to the required 

terminal's filter 216-218. customer addresses and connections, and that there is no 

The operation of the circuit of FIG. 2 will now be carrier collision with respect to uni-directional 

described. In the downstream, i.e. for communications ema- transmissions, as will be appreciated and readily understood, 

nating from the exchange 100, broadband data is output In the preferred embodiment of the present invention, use 

from the xDSL modem 102 and modulated onto a suitable 1Q of the concentration function provided by the PONs 

carrier frequency. The broadband data may take any desired 156-158 also provides for a reduction in xDSL modems 

bandwidth, but typically has a bandwidth of about 2 MHz to situated within the exchange 100 and hence a cost saving 

8 MHz. Following modulation onto a suitable carrier fre- associated with system deployment. More specifically, the 

quency (which can range from hundreds of MHz to tens and P0Ns 156-158 allow xDSL modems 102-104 at the 

possibly hundreds of gigaHertz (GHz)), multiplexing of exchange 100 to be shared across a number of subscriber 

each individual broadband channel produces a composite tcrminals on a service-as-required basis, 

envelope bandwidth spanning many hundreds of MHz or , , - , , . . . t , - . 

several GHz. Hie composite envelope bandwidth will also C f learl * the in^uktois and demodulators described in the 

mcludeamultiplexedsi^namngchannel,typicallylocatedat ^ f f ncd ^bodiment of the pment invention may be 

relatively low frequency, while the pilot tone will typically implemented in a number of different technologies, e.g. 

be located at a relatively high and isolated frequency. The 20 through conventional radio techniques (such as with 

composite envelope is converted into a suitable optical synthesisers), or with intermediate frequency techniques 

signal for transmission down the fibre 122 and then con- ( such as witn standing acoustic wave filters). Also, although 

verted back, prior to demultiplexing, into corresponding the preferred embodiment generally considers the use of 

electrical impulses. Following demultiplexing, individual amplitude modulation, other forms of modulation are clearly 

(baseband) broadband channels are obtained from outputs of 25 applicable, e.g. pulse modulation, frequency modulation or 

the demodulators, while the filters in the subscriber terminal variants thereof. The present invention also allows Fabry- 

210 separate the xDSL broadband signals from the narrow- Perot lasers to be employed (rather than more highly speci- 

band voice (or Integrated Service Digital Network, ISDN) fied laser types) as the performance of the optical link will 

signals. The pilot tone is recovered by the signalling con- still be superior to that of prior art twisted-pair arrange- 

troller 178 for training and synchronisation purposes, e.g. in 3Q ments. Additionally, the present invention can support the 

relation to frequency and timing alignment. use D f digital optical transmission rather than analog optical 

The system of the present invention therefore provides transmissions, but this requires a higher bit rate fibre trans- 

xDSL signalling to each copper drop as if the xDSL signal- mission system. 

ling had been introduced at the distribution points 140-142, Also, while the control system of the preferred embodi- 

rather than at the exchange. In this respect, the optical 35 ment of the present invention has been described in relation 

transmission system is transparently interposed between the t0 separate carriers, the skilled addressee will gather that the 

xDSL modems associated with the exchange and subscriber system may also be implemented using time division mul- 

terminals, which optical system includes analog ports. tiplexing (TDM) and time division multiple access for the 

In precis, downstream signals are transmitted over the uplink, 
fibre 122 (and via a splitter, e.g. PON) so that all distribution 40 The present invention has identified that a more effective 
points (sometimes referred to as "out-stations") 140-142 an d efficient system configuration can be achieved by par- 
receive the same FDM signal. Then, only the distribution titioning some of the modem functionality across the corn- 
points designated to use a particular channel (and therefore munication system, generally. More particularly, while the 
a particular xDSL modem) can tune, demultiplex and decode pr j or art locates the xDSL modem in an adjunct to the 
the broadband signals before the separate broadband chan- 45 distribution point 40 (of FIG, 1), the present invention 
nels are applied to appropriately addressed subscriber ter- moves some of the modem functionality back into the 
minals over dedicated twisted-pairs. infrastructure and specifically into the broadband server 50 

For the upstream, a similar frequency division multi- (that may be located with the exchange 12 of FIG. 1). 
plexed scheme is used to transmit signals over the optical Additionally, by removing xDSL functionality into the 
fibre 138. Also, in a preferred embodiment, the FDM carriers 50 exchange location, an optical fibre located between the 
are arranged at a channel spacing on 8 MHz (which can broadband server and the distribution point now appears 
conveniently carry a VDSL signal having a power spectral transparent to communications because a common signal- 
density of similar bandwidth), but other channel spacings ling protocol is now supported from the subscriber terminal 
can clearly be used to optimise particular system configu- to the exchange (with no intermediate signalling translation 
rations. More particularly, an upstream signal (or 55 now required). Furthermore, the present invention greatly 
transmission) from a twisted-pair is allocated an upstream simplifies the composition of infrastructure in the distribu- 
carrier associated with the xDSL modem (in the exchange) tion point and therefore reduces both the overall size of the 
that is assigned to the corresponding downstream commu- distribution point and thermal management considerations 
nication. Separate (electrical) upstream transmissions from in the distribution point. Consequently, the distribution point 
distinct subscriber terminals are then converted into optical eo becomes more reliable. Moreover, the use of a common 
signals prior to frequency division multiplexing and trans- broadband communication resource between the exchange 
mission. The exchange, upon receipt of FDM spectrum, and the generic distribution point allows flexibility in dis- 
demultiplexes the spectrum and converts the individual tribution point deployment, while improving service con- 
optical channels into electrical signals for application to the nection availability to subscribers (through the star distri- 
appropriate (assigned) xDSL modem for decoding. 55 bution function provided by each distribution point). Also, 

Two-way transmission is therefore achievable by the the present invention leaves unchanged the existing twisted 

preferred embodiment of the present invention, with the pair connections to the subscriber terminals, with this 
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encouraging the implementation of broadband services of a What we claim is: 

wider scale. An additional benefit results from the location 1. A communication system comprising: 

of xDSL modems in the exchange because common infor- an exchange having a plurality of broadband modems; 

ma tion processing (through the sharing and integration of a distribution point coupled to the exchange over an 

modem functions) will reduce infrastructure costs. 5 optical communication resource that carries encoded 

The present invention achieves an increased economy in broadband data; and 

relation to developing and deploying, for example, a broad- a plurality of subscriber terminals coupled to the distri- 

band network; with a cost saving derived from the distri- bution P oint via ^dividual copper drops, at least some 

bution of modem functionality between the exchange and ? f ^Plurality of subscriber terminal containing a 

distribution point. In other words, the present invention has w broadband modem arranged, on an ^dividual basis to 

i- • 4 j*u i j • , A communicate, over respective broadband channels, 

eliminated the requirement for a dedicated line-card function , , * . , A , t j 

™/ . . iL - % -t bi-directional encoded broadband data with a selected 

per customer. The present invention therefore addresses the u j, * _ , m . .« , • *u j- * -u *: 

r \ . i1 - e broadband modem in the exchange via the distribution 

problems associated with power principally dissipated from ^ ^ oycr a of t hc optical commU ni- 

the DSPs of the xDSL modems, and hence alleviates the cation resource md ^ dropSi 

thermal management problems associated with deployment ™ 2 ^ communication system of claim 1, wherein the 

of racks of modems in distribution points. Indeed, the encoded broadband data overlays a narrowband channel, 

present invention allows cabinet and curb-side units to be 3, Th e communication system of claim 2, wherein the 

reduced in size to an extent whereby the cabinet and narrowband channel supports one of an ISDN service and a 

curb -side unit can utilise a power budget comparable to that voice communication. 

of mobile radio handsets. Additionally, the present invention 20 4. The communication system of claim 1, wherein the 

provides a concentration function achieved by the location distribution point further comprises an optical network 

and use of a passive optical network between the broadband adapter unit that essentially provides interfacing between the 

server and the broadband circuitry, while also providing a optical communication resource and the individual copper 

mechanism for line sparing over the twisted-pairs, i.e. sub- drops. 

scriber terminals have access to communication resources 25 5. The communication system of claim 4, wherein the 

on a trunked basis whereby a subscriber terminal is not tied optical network adapter unit contains an optical transceiver 

to a dedicated, physical link and must necessarily complete m & line driver configuration. 

for system access (principally in an upstream scenario). 6 ^ communication system of claim 1, wherein the 

Hence, in a cost effective manner, the present invention exchange includes a plurality of modulators each coupled, 

provides the functionality of existing distribution points 30 on a unique basis, to each of the plurality of broadband 

along with both the performance capabilities of xDSL tech* modems, 

nology and an improved level of system reliability. 7 - Th e communication system of claim 6, wherein the 

™, 4 . 1 1 j ir * j 1 , exchange further includes a multiplexer, coupled to the 

lhe present invention also lends itself to deployment . 0 - , t x c lA . * . , „ , , , 

i j . . iL * 1 plurality of modulators, for multiplexing broadband data 

within existing narrowband systems because the control „ £ v ' . - ' . . \ to . ~. . 

,. iL a. i . t_ * j j * 35 from the plurality of modulators onto the optical fibre, and 

system used in the narrowband system can be extended to , 1 .,_ . , . , . . , 

l 1 ,1. t_ jt_ j 1 - 1 / < • A JJV n wherem the distribution pomt includes a demultiplexer 

control the broadband overlaid functions. Additionally, in i JiiL 1 ^i. j j , 1 ^i .i 

* • * • 1 -t . 1 j coupled to the optical fibre and arranged to demultiplex the 

the event that the existing narrowband system already con- broadband data 

tains a PON, the broadband overlay could utilise wave « • . f 1 • .1 

j. • . * * mTT\\ji\t u • • j 1 8. The communication system of claim 0, further mclud- 

division multiplexing (WDM) techniques ma second optical , r ,. 4 . ' , , , , 

■ j 1ffn v / r 1- 11 1 * *i_ 40 a pluranty of distribution points each coupled to the 

window, e.g. 1550 nanometers. Finally, in relation to the L . L »_ 1 £i_ j l 1 j 

. it* i_ j r t 11 j \. , . iL exchange through an optical fibre and each coupled to 

establishment or new broadband connections between the , .f • 1 ■ ■ * j t_ 1 

■ 1 1 .| , , . . t nt , r subscriber terminals via a twisted copper-pair, the optical 

exchange and a subscriber terminal, the requisite xDSL CL , . . . , , « , 

. . . r . \ j , fibre further comprising a passive optical network arranged 

training sequence for each new customer drop can be 1 , „ > . .. j j j*^ r , 

.1 * j/j*- ? ■ * 1 selectively to route broadband data to different ones of the 

permanently stored (and retrieved from memory for instal- . ^ J £ „ . 

f .. \ • \ L l if j' 45 plurality of distribution points. 

lation purposes) in the exchange, while self-diagnostics « ^/ . . r,*o^ -i_ 

1 . . j * * 1 The communication system of claim 8, wherem the 

software can also be stored at a central repository of the . ^ r 4 ^ 4 . r . , , ' - 

, r / plurahty of distribution points includes at least one of a 

B ' fibre-to-the-cabinet communication unit and a fibre-to-the- 

It will, of course, be understood that the above description currj communication unit, 

has been given by way of example only and that modifica- 50 10. The communication system of claim 1, wherein the 

tions of detail may be made within the scope of the present encoded broadband data is coded using an xDSL protocol, 

invention. For example, as will be appreciated, the exchange n y^e communication system of claim 10, wherein the 

12 may be a PSTN or a BSS and merely provides an xDS L protocol is one of ADSL, HDSL and VDSL, 

interface between a subscriber terminal world and an infra- 12 . The communication system of claim 1, wherein 

structure world. Furthermore, channel assignment in the 5S enco d e d broadband data is provided by a digital optical 

upstream and the downstream does not need to be transmission scheme. 

contiguous, i.e. wave division multiplexing techniques can 13> A me thod of transferring encoded broadband data 

be used to separate channels. Furthermore, while the system between an exchange having a plurality of broadband 

has generally been described with reference to a wireline modems and a subscriber terminal containing a broadband 

system, it will be appreciated that the present invention can 60 m odem arranged to communicate, over respective broad- 

be extended to benefit radio-based and coax-based systems, oan d channels, bi-directional encoded broadband data with 

for example. a selected one of the plurality of broadband modems in the 

While the control system of the preferred embodiment of exchange, the encoded broadband data communicated 

the present invention is perceived to require separate between the exchange and the subscriber terminal via a 

carriers, it will clearly be appreciated that control channel 65 distribution point that is coupled to the exchange via an 

signalling, for example, could be implemented on a time optical fibre and which is coupled to the subscriber terminal 

division multiplexed basis. via a copper-drop, the method comprising the steps of: 
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modulating onto the optica] fibre encoded broadband data 

addressed to the subscriber terminal at the exchange; 
decoding the encoded broadband data addressed to the 

subscriber terminal at the subscriber terminal; 
modulating onto the optical fibre encoded broadband data 

addressed to the exchange at the subscriber terminal; 

and 

decoding the encoded broadband data addressed to the 
exchange at the exchange, thereby to provide a one- 
to-one mapping of broadband modems between the 
exchange and the subscriber terminal. 

14. The method of claim 13, wherein the encoded broad- 
band data is encoded using an xDSL communication pro- 
tocol. 

15. The method of claim 14, wherein the xDSL protocol 
is one of ADSL, HDSL and VDSL. 
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16. The method of claim 15, further including the step of 
overlaying the encoded broadband data over a narrowband 
channel. 

17. The method of claim 16, wherein the narrowband 
channel is one of an ISDN service and a voice channel. 

18. The method of claim 16, further including the step of 
multiplexing a plurality of broadband data calls onto the 
optical fibre. 

19. The method of claim 18, further comprising the step 
of selectively routing the broadband data calls to a plurality 
of intermediate distribution points, the intermediate distri- 
bution points each coupled to the exchange through an 
optical fibre and each of the plurality of intermediate dis- 
tribution points coupled to a plurality of subscriber terminals 
via individual copper drops. 

***** 
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